Haemolysis and lipaemia interfere with the direct photometric estimation of Evans blue in plasma. During an investigation of blood volume changes in surgical shock using this dye, lipaemia was often encountered and it was necessary to use an extraction procedure for the estimation of the dye concentration. A rapid method was desired.
The method of Crooke and Morris (1942) using a hydrochloric acid -ethanol -phosphotungstic acid reagent is quicker to use than the chromatographic procedures described by Allen (1951) and by Bedwell, Patterson, and Swale (1955) . Morris (1944b), however, described certain disadvantages, including that due to haemolysis, although Morris (1944a) had described an optical correction for the presence of haemoglobin in dyed plasma using filters with peak transmission at 600 m[u and 430 m/u.
Because the original authors gave only a brief account of their experiments, the method was investigated in detail. The procedure for shaking and centrifuging was modified. Spectrophotometry at an optical depth of 4 cm. was used and a spectrophotometric correction for the presence of hacmoglobin was introduced. On the basis of these experiments, which are detailed later, the following rmethod was adopted, and was found to be free from the main disadvantages described by Morris (1944b) .
Method for Measrement of Plasna Volume
Extraction Reagent.-Phosphotungstic acid (Hopkin and Williams, Analar, granular form), 7.5 g., is dissolved in 50 ml. of absolute alcohol. Then 8 ml.
of concentrated hydrochloric acid (A.R.) is added slowly with shaking. The mixture is filtered through a fluted Whatman No. 1 filter paper. This reagent is best made up shortly before use, as a blue colour has been said to develop on exposure to light (Crooke and Morris, 1942) .
Different preparations of phosphotungstic acid vary in their solubility in alcohol. The granular form dissolves rapidly and the resulting solution has only a small light absorption at 620 m,u. This was not the case using some other specimens of phosphotungstic acid which were coloured.
Procedure.-A sample of blood is withdrawn from a vein with minimal stasis. A solution of Evans blue (usually 20 mg. in 5 ml. for adults) is then injected through the same needle from a calibrated syringe. Ten minutes later a second sample of blood is withdrawn from a different vein. Dried heparin is a suitable anticoagulant. The plasma is separated and the concentration of dye in the second sample is determined by comparison with standards after extraction.
An initial dilution of the same sample of dye injected is made in distilled water for preparing standards. Two standards are made by adding 0.1 and 0.2 ml. of the solution to 1 ml. of the patient's undyed plasma. The resulting dye concentrations should straddle that in the second sample obtained from the patient. Into two other centrifuge tubes are delivered 1 ml. of the patient's undyed and dyed plasma respectively. Then 7 ml. of the extraction reagent is added to each tube, which is stoppered with a rubber bung and shaken vigorously by hand for 10 seconds, immediately after the addition of the extraction reagent. This breaks up the protein precipitate, which otherwise sticks to the side of the tube resulting in incomplete extraction of the dye. All tubes are then shaken horizontally in the direction of the long axis in a Kahn shaker for 10 minutes. They are then capped and centrifuged for 10 minutes at 2,500 r.p.m. The temperature in the centrifuge bucket should not rise more than 5°C., otherwise turbidities develop (see below). The supelnatant fluid is removed and the test and standards are read against the blank in a " unicam " spectrophotometer SP 500 or SP 600 at 620 mjx and 400 myA. The readings are made at an optical depth of 4 cm. using a modified cuvette holder to allow the use of a volume of 6 ml. containing undyed plasma. Using the latter as a blank the optical density of the dye solution was determined. Fig. 1 (Fig. 2) . When 7 ml. of extraction reagent was added to 1 ml. of solutions of haemoglobin in plasma it was found that the resulting acid haematin solutions obeyed the Beer-Lambert law at 400 mp, and 620 m,u for original plasma haemoglobin concentrations of less than 100 mg./100 ml. Above this concentration there was a departure from the straight line relationship. One hundred milligrams haemoglobin/100 ml. plasma represents considerable haemolysis. In over 400 estimations of plasma volume, plasma haemoglobin concentrations were less than 30 mg./100 ml. in all except one case.
A factor for correcting for the presence of haemoglobin was obtained by determining the optical density at 400 m8 for different plasma optical density at 620 mpt haemoglobin concentrations as follows.
A large volume of undyed plasma was extracted in the usual manner. To 8 ml. aliquots of the supernatant fluid was added 0.1 ml. of different haemoglobin solutions. The tubes were shaken and centrifuged, and the optical density measured at both wavelengths using a blank consisting of 8 ml. of supernatant fluid and 0.1 ml. of distilled water. The optical depth was 4 cm. at 620 mp. and 1 cm. at 400 mpt. The densities at 620 m,u were therefore divided by 4 when calculating the ratio.
In a similar manner 0.1 ml. quantities of haemoglobin were added to 1 ml. of plasma and extracted as before. The results obtained in these two experiments were substantially the same, and those obtained in the second experiment are shown in Table III This did not occur if the temperature in the centrifuge bucket did not rise or if the tubes were cooled in ice for five minutes before centrifuging.
Reproducibility of the Method in vivo.-The plasma volume was measured twice in 10 subjects with an interval of 10 minutes between the two measurements. The subjects were healthy students and members of the laboratory staff. All estimations were made in the laboratory with the subjects sitting for the duration of the test.
A sample of blood was withdrawn and 5 ml. of a 0.25% or 0.4% solution of Evans blue was injected through the same needle. Ten minutes later a second sample of blood was withdrawn from a different vein and a second dose of dye injected through the same needle. A third sample of blood was withdrawn from another vein 10 minutes later. The plasma volumes were obtained from the concentrations of dye in the second and third samples described above. The haematocrit was determined on each specimen to assess changes during the test. No significant change occurred.
The results are shown in Table V . It is seen that the difference between the two estimations is less than 2.5 % in all cases. In seven cases the second estimation is greater than the first. This difference is significant (t=2.71 1; P<0.05), and is due to the fact that the second specimen is used as a blank for the second estimation. The optical correction for the error due to haemolysis described by Morris (1944a) yielded comparable values for extinction due to Evans blue, if the dye was added to extracts of plasma containing varying amounts of haemoglobin. However, the presence of haemolysis has been considered a disadvantage of this method (Morris, 1944b) .
The spectrophotometric correction described here is simple and gives good results.
The method has been found to be unsatisfactory in a few cases with plasma bilirubin concentrations of 10 to 20 mg. /100 ml. Alteration in the nature of this pigment results in a second absorption peak in the red end of the spectrum so that high blank values are obtained. The optical densities of duplicate extractions of deeply jaundiced plasma may sometimes differ widely.
Summary
The extraction of Evans blue from plasma using the hydrochloric -acid -ethanol -phosphotungstic acid reagent of Crooke and Morris has been investigated.
Minor modifications of the procedure for shaking and centrifuging are described. The optical density of the extracted solutions is determined spectrophotometrically using an optical depth of 4 cm. A simple spectrophotometric correction for the presence of haemolysis is described.
With the technique described extraction is consistent and greater than 95%, and turbidity of the extracted solutions is avoided.
Duplicate plasma volume estimations agree within 2.5%.
Various criticisms of the method are discussed.
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